(sodium sulfide) . Sulfide or triazine dithiole films were also formed on the sample by dipping in the sodium sulfide or triazine dithiole solution. Epoxy prepreg resin was coated and pressed on treated copper samples at 140°C for 20 min., then raised to 175°C for 100 min. at 30 kgf/cm2. Adhesion strength was then measured by an instron tester. A solder float test was also conducted based on JIS, floating the prepreg-coated sample on the solder bath at 260°C and thermal resistance was determined from the onset time of blisters or peeling.
Results
Formation of sulfur codeposited copper Copper films obtaining from electroless copper plating without or with the addition of sodium sulfide adhered to epoxy resin. Adhesion strength was about 0.4 kgf/cm for the additive-free bath and 1.2 kgf/cm for the 100 ppm sodium sulfide bath. Resin adhered to the copper side when laminated copper was torn from the resin layer.
Surface morphology did not change with increasing sulfur additives (Fig. 1) . In the solder float test, thermal resistance increased with increasing amounts of sodium sulfide. According to JIS, thermal resistance must exceed 20 sec. We confirmed that the addition of sodium sulfide over 10 ppm to the electroless copper plating bath effectively improved adhesion strength between copper and epoxy resin.
The sulfur distribution in copper films from the sodium sulfide bath was measured by EPMA (Fig. 2) .
Sulfur was detected with increasing addition. Adhe- sion strength and thermal resistance improved with increasing sulfur content in deposited copper films.
Similar effects for improving adhesion strength and thermal resistance were confirmed by using other sulfur compounds such as thioglycolic acid and 2-mercaptobenzothiazole.
Improvement of other sulfur compound treatment
Sulfide films were also formed on the copper surface by dipping several sulfide solutions. Sodium sulfide showed the highest values in the solder float test. Treated copper surfaces turned darkish black and thermal resistance improved with increasing treatment time. Thermal resistance decreased in the treatment of high concentrations of sodium sulfide due to increased sulfide layer thickness.
Triazine dithiole treatment also similarly improved adhesion strength between copper and epoxy resin.
Adhesion mechanism
The adhesion strength was improved by forming sulfur-codeposited or sulfide films on the metal surface using various sulfur additives. Adhesion was improved by chemical bonding between epoxy groups in the epoxy resin and sulfur atoms in the sulfurcodeposited copper or sulfide films (Fig. 3) 
